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Abstract
We determine chiral loop corrections to the B meson decay amplitudes to positive and
negative parity charmed mesons within a framework which combines heavy quark and chiral
symmetries. Then we investigate the impact of the lowest-lying positive parity heavy mesons
on the determination of the Isgur-Wise functions. The corrections due to these states are
competitive with the contributions arising from K and η meson loops. Since lattice studies
rely on the chiral behavior of the amplitudes we discuss the chiral limit of our results. We
find that the determination of the slope at zero recoil of the Isgur-Wise function ξ for the
B transition to negative parity charm mesons is moderately affected by the inclusion of new
states, while the slope of τ1/2 is affected significantly more.
1 Introduction
The present experimental knowledge on the values of the CKM parameters is firmly established.
The goal is to achieve highest possible accuracy in their experimental extraction. In order to
reach it in exclusive decay modes one has to gain maximal control over the relevant form factors.
In the case of precise determination of the Vcb CKM matrix elements the studies of B meson
decays into charm resonances have been playing a prominent role. In experiments aimed to
determine Vcb, actually the product |VcbF(1)| is extracted, where F(1) is the B → D or B → D∗
hadronic form factor at zero recoil. A lack of precise information about the shapes of various
form factors is thus still the main source of uncertainties. In theoretical studies, heavy quark
symmetry has been particularly appealing due to the reduction of six form factors in the case
of B → D(D∗)lνl transitions to only one [1, 2]. In addition, at zero recoil, when the final state
meson is at rest in the B rest frame, the normalization of the form factors is fixed by symmetry.
However, the results obtained within heavy meson effective theories obtain important corrections
coming from operators which are suppressed as 1/MB,D [3] as well as of higher order in the chiral
expansion [4, 5, 6, 7]. The knowledge of both kinds of corrections has improved during the last
few years. The B → D∗lνl decay amplitude is corrected by 1/MB,D only at the second order
in this expansion making it more appropriate for the experimental studies [6, 8]. In addition to
heavy meson effective theory, other approaches have been used in the study of the B → D(D∗)
form factors, such as quark models [9] and QCD sum rules [10], while the most reliable results
should be expected from lattice QCD [11]. In the treatment of hadronic properties using lattice
QCD the main problems arise due to the small masses of the light quarks. Namely, lattice studies
have to consider light quarks with larger masses and then extrapolate results to their physical
values. In these studies the chiral behavior of the amplitudes is particularly important. Heavy
meson chiral perturbation theory (HMχPT) is very useful in giving us some control over the
uncertainties appearing when the chiral limit is approached [12, 13]. Most recently in ref. [14],
the authors have discussed B → Dlνl and B → Dlνl form factors in staggered chiral perturbation
theory by including next-to-leading order corrections in staggered chiral perturbation theory.
The practitioners of the heavy meson effective theories faced new tasks when the charm mesons
of the positive parity were discovered. In addition to understanding their structure, mass differ-
ences and decay properties the fact that observed resonances lie only about 350 MeV above
negative parity states stimulated many studies [15, 16, 17]. The inclusion of these states into the
heavy meson effective theory was done fifteen years ago by including a number of unknown param-
eters [4, 5, 7] into the HMχPT Lagrangian. Recently, in [12, 13] the role of positive parity states
in the B0d,s − B¯0d,s transitions and strong decays was investigated and a few important statements
were reached: the contributions coming from positive parity states are competitive in size with
the kaon and η meson loop corrections. However, they do not alter the pion chiral logarithms
and consequently they provide a guideline for the lattice extrapolation of these results. A similar
conclusion was already hinted on long time ago in the case of B → D(∗) form factors [5], although
a complete analysis could not be performed at the time.
In this paper we reinvestigate chiral loop corrections within HMχPT to the semileptonic tran-
sitions of B mesons into charm mesons of negative as well as positive parity. Specifically we study
the effects of the small mass splitting between positive and negative parity heavy meson states
on the leading non-analytic chiral behavior of the amplitudes. In Sec. 1 we give the main details
of our framework. Sec. 3 contains calculation of chiral loops while in Sec. 4 we discuss chiral
extrapolation. In Sec. 5 we briefly summarize our results.
1
2 Framework
We use the formalism of heavy meson chiral Lagrangians [18, 19]. The octet of light pseudoscalar
mesons can be encoded into Σ = ξ2 = exp(2iπiλi/f) where the πiλi matrix contains the pseudo-
Goldstone fields
πiλi =


1√
6
η + 1√
2
π0 π+ K+
π− 1√
6
η − 1√
2
π0 K0
K− K0 −
√
2
3η

 (1)
and f ≈ 120 MeV at one loop [20]. The heavy-light mesons are customarily cataloged using
the total angular momentum of the light degrees of freedom in the heavy meson jPℓ which is a
good quantum number in the heavy quark limit due to heavy quark spin symmetry. The negative
(jPℓ ) = 1/2
− and positive (jPℓ ) = 1/2
+ parity doublets can then be respectively represented by
the fields H(v) = 1/2(1 + γ · v)[P ∗µ (v)γµ − P (v)γ5], where P ∗µ(v) and P (v) annihilate the vector
and pseudoscalar mesons of velocity v, and S(v) = 1/2(1 + γ · v)[P ∗1µ(v)γµγ5 − P0(v)] for the
axial-vector (P ∗1µ(v)) and scalar (P0(v)) mesons.
The strong interactions Lagrangian relevant for our study of chiral corrections to processes
among heavy mesons of velocity v is then at leading order in chiral and heavy quark expansion
L = Lχ + L 1
2
− + L 1
2
+ + Lmix,
Lχ = f
2
8
∂µΣab∂
µΣ†ba + λ0
[
(mq)abΣba + (mq)abΣ
†
ba
]
,
L 1
2
− = −Tr [Ha(v)(iv · Dab − δab∆H)Hb(v)]+ gTr [Hb(v)Ha(v)γ · Aabγ5] ,
L 1
2
+ = Tr
[
Sa(v)(iv · Dab − δab∆S)Sb(v)
]
+ g˜Tr
[
Sb(v)Sa(v)γ · Aabγ5
]
,
Lmix = hTr
[
Hb(v)Sa(v)γ · Aabγ5
]
+ h.c.. (2)
Dµab = δab∂µ − Vµab is the covariant heavy meson derivative. The light meson vector and axial
currents are defined as Vµ = 1/2(ξ†∂µξ + ξ∂µξ†) and Aµ = i/2(ξ†∂µξ − ξ∂µξ†) respectively. A
trace is taken over spin matrices and the repeated light quark flavor indices. The λ0 term induces
masses of the pseudo-Goldstone mesons m2ab = 4λ0(ma +mb)/f
2. Accordingly Lχ is of the order
O(p2) in the chiral power counting while the rest of this leading order Lagrangian is of the order
O(p1). Exceptions are the ∆H and ∆S residual masses of the H and S fields respectively. In a
theory with only H fields, one is free to set ∆H = 0 since all loop divergences are cancelled by
O(mq) counterterms at zero order in 1/mH expansion. However, once S fields are added to the
theory, another dimensionful quantity ∆SH = ∆S − ∆H enters loop calculations and does not
vanish in the chiral and heavy quark limit [21]. We fix its value close to the phenomenological
mass splitting between the even and odd parity heavy meson multiplets ∆SH ≈ 400 MeV although
smaller values have also been proposed when taking into account next to leading order terms in
1/mH expansion [21]. For the couplings g, h and g˜ we use the recently estimated values of [13]
g ≃ 0.6, h ≃ −0.5 and g˜ ≃ −0.1.
The weak part of the Lagrangian describing transitions among heavy quarks can be matched
upon weak heavy quark currents in HQET [5, 19]
cvΓbv′ → Ccb{−ξ(w)Tr
[
Ha(v)ΓHa(v
′)
]
−ξ˜(w)Tr [Sa(v)ΓSa(v′)]− τ1/2(w)Tr [Ha(v)ΓSa(v′)]+ h.c.} (3)
at leading order in chiral and heavy quark expansion and where Γ = γµ(1 − γ5) and w = v · v′.
Note that heavy quark symmetry dictates the values of ξ(1) = ξ˜(1) = 1, which should not receive
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Figure 1: Self-energy (”sunrise” topology) diagram. Double lines represent heavy mesons, dashed lines represent
pseudo-Goldstone bosons, while filled dots represent effective strong vertices.
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Figure 2: Weak vertex correction diagrams. Crossed boxes represent effective weak vertices. Only diagrams of
the outmost left topology contribute to the amplitude at the leading chiral log order.
any chiral corrections. On the other hand τ1/2(w) is not constrained and we use the recently
determined value of [22] τ1/2(1) = 0.38.
3 Calculation of Chiral Loop Corrections
Here we present the most important details of our calculation of leading chiral loop corrections to
the Isgur-Wise functions ξ(w), ξ˜(w) and τ1/2(w). Following Refs. [23, 24], we absorb the infinite
and scale dependent pieces from one loop amplitudes into the appropriate counterterms at order
O(mq) (see e.g. [13]). We first calculate the wave function renormalization Z2H of the heavy
H(v) = P (v), P ∗(v) and P0(v), P ∗1 (v) fields. This has been done e.g. in Ref. [13] and we only
quote the result at the O(p2) power counting order (in Appendix A). We get non-zero contribu-
tions to the heavy meson wavefunction renormalization from the self energy (”sunrise” topology)
diagrams in Figure 1 with leading order couplings in the loop. In the case of the P (v) mesons
both vector P ∗(v) and scalar P0(v) mesons can contribute in the loop. The positive parity P0(v)
and P ∗1 (v) similarly obtain wavefunction renormalization contributions from self energy diagrams
(Figure 1) with P ∗1 (v), P (v) and P0(v), P
∗
1 (v), P
∗(v) mesons in the loops respectively. Then we
calculate loop corrections to the effective weak vertices. These come from the one loop diagram
topologies shown in Figure 2. Namely, the initial and final heavy states may exchange a pseudo-
Goldstone, while pairs of positive and negative parity heavy mesons may propagate in the loop
(the left diagram in Figure 2). Again not all heavy states contribute due to parity conservation in
effective strong interaction vertices. Thus, when initial and final states are pseudoscalars we get
contributions from pairs of P ∗(v′)P ∗(v), P0(v′)P ∗(v), P ∗(v′)P0(v) and P0(v′)P0(v) propagating
in the loop, while for pseudoscalar initial and scalar final state we get contributions from pairs of
P ∗(v′)P (v), P ∗(v′)P ∗1 (v), P0(v
′)P (v) and P0(v′)P ∗1 (v) in the loop (due to heavy quark symmetry,
the same results are obtained for (axial)vector external states, although different intermediate
states contribute). On the other hand diagrams containing pseudo-Goldstone emission or absorp-
tion from the weak vertex (central and right diagram in Figure 2) do not contribute at all at the
leading order in the chiral power counting, since they may only appear via new weak operators
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containing derivatives or mass operators of the pseudo-Goldstone fields. The complete expressions
for the loop corrected ξ(ω), ξ˜(ω) and τ1/2(ω) we obtain are rather lengthy and can be found in
Appendix A.
4 Chiral Extrapolation
We study the contributions of the additional resonances in the chiral loops to the chiral extrapola-
tions employed by lattice QCD studies to run the light meson masses from the large values used in
the simulations to the chiral limit [25, 26]. In order to tame the chiral behavior of the amplitudes
containing the mass gap between the ground state and excited heavy meson states ∆SH we use
the 1/∆SH expansion of the chiral loop integrals [13]. As argued in Ref. [12] the 1/∆SH expansion
works well in an SU(2) theory where kaons and etas, whose masses would compete with the ∆SH
splitting, do not propagate in the loops. Therefore we write down explicit expressions for the
chiral loop corrected Isgur-Wise functions specifically for the strangeless states (a = u, d) in the
SU(2) theory:
ξaa(w) = ξ(w)
{
1 +
3
32π2f2
m2π log
m2π
µ2
[
g22(r(w) − 1)
−h2 m
2
π
4∆2SH
(
1− wξ˜(w)
ξ(w)
)
− hg m
2
π
∆2SH
w(w − 1)τ1/2(w)
ξ(w)
]}
,
(4)
and
τ1/2aa(w) = τ1/2(w)
{
1 +
3
32π2f2
m2π log
m2π
µ2
[
− gg˜(2r(w) − 1)− 3
2
(g2 + g˜2)
+h2
m2π
4∆2SH
(w − 1)− hg m
2
π
2∆2SH
ξ(w)
τ1/2(w)
w(1 + w) + hg˜
m2π
2∆2SH
ξ˜(w)
τ1/2(w)
w(1 + w)
]}
,
(5)
where
r(x) =
log(x+
√
x2 − 1)√
x2 − 1 , (6)
so that r(1) = 1 and r′(1) = −1/3. The first lines of Eqs. (4) and (5) contain the leading
contributions while the calculated 1/∆SH corrections are contained in the second lines. Note
that the positive parity heavy mesons contribute only at the 1/∆2SH order in this expansion since
all the possible 1/∆SH contributions vanish in dimensional regularization and the affected loop
integral expressions have to be expanded up to the second order in 1/∆SH .
We then plot the chiral behavior of the Isgur-Wise function renormalization in the chiral limit
below the ∆SH scale in FIGs. 3 and 4. We have normalized the values of the extrapolated quan-
tities at mπ ∼ ∆SH to 1 and perform the chiral extrapolation using the Gell-Mann - Okubo for-
mulae as in [16] m2π = 8λ0msr/f
2 where r = mu,d/ms and 8λ0ms/f
2 = 2m2K −m2π = 0.468 GeV2.
Presently no reliable estimates exist for the values of ξ˜′(1) and τ ′1/2(1), which feature in chiral
extrapolation involving opposite parity heavy states. Therefore we estimate their possible effects
by varying their relative values in respect to ξ′(1) between 1 and −1 in our extrapolations. We
see that the effects of positive parity states’ in the chiral loops on the chiral extrapolation of ξ′(1)
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Figure 3: Chiral extrapolation of the slope of the IW function at w = 1 (ξ′(1)). Negative parity heavy states’
contributions (black line) and a range of possible positive parity heavy states’ contribution effects when the difference
of slopes of ξ(1) and ξ˜(1) is varied between 1 (red dashed line) and −1 (blue dash-dotted line).
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Figure 4: Chiral extrapolation of the τ1/2 function and its slope at w = 1. τ1/2(1) extrapolation (black solid line)
and a range of possible extrapolation effects of τ ′1/2(1) (gray shaded region) when the difference of slopes of ξ(1),
ξ˜(1) and τ ′1/2(1) is varied between 1 (red dashed line) and −1 (blue dash-dotted line).
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appear to be mild (around one percent in our estimate) below the ∆SH scale (the gray shaded
region around the leading order result in black solid line). Actually if ξ′(1) − ξ˜′(1) is positive as
reasoned in [5] and around 1, these leading 1/∆SH corrections almost vanish. The same general
chiral behavior can be attributed to ξ˜′(1) with the substitutions g ↔ g˜, ∆SH ↔ −∆SH and
ξ′(1) ↔ ξ˜′(1). Also, the chiral extrapolation (including small leading 1/∆SH contributions) of
the τ1/2(1) normalization appears fairly flat, indicating a linear extrapolation as a good approx-
imation, whereas the effects of chiral loops on the extrapolation of its slope τ ′1/2(1) appear to be
sizable, up to 30% in our crude estimate.
5 Discussion and Conclusion
Within a HMχPT framework, which includes even and odd parity heavy meson interactions with
light pseudoscalars as pseudo-Goldstone bosons, we have calculated chiral loop corrections to the
functions ξ and τ1/2. Motivated by the results of Refs. [12, 13] where it was shown that the leading
pionic chiral logarithms are not changed by the inclusion of even parity heavy meson states we
consider chiral extrapolation of Isgur-Wise functions. Our results are particularly important for
the lattice QCD extraction of the form factors. The present errors on the Vcb parameter in the
exclusive channels are of the order few percent. This calls for careful control over theoretical
uncertainties in its extraction [27]. Our results on the chiral corrections are crucial in assuring
validity of the form factor extraction and error estimation coming from the lattice studies. Note
also that from our results given in Appendix one can deduce the chiral corrections in the Bs → Ds
decays which are not approached by experiment. Due to the strange quark flavor of final and
initial heavy meson states, there is no leading pion logarithmic corrections making the lattice
extraction below the heavy meson parity splitting gap ∆SH much simpler.
In the 1/∆SH expansion the opposite parity contributions yield formally next-to-leading chiral
log order corrections in a theory with dynamical heavy meson fields of only single parity. Therefore
they compete with 1/Λχ corrections due to operators of higher chiral powers within chiral loops
(yielding contributions such as those of the central and right diagrams in Figure 2), where Λχ is the
chiral symmetry breaking cut-off scale of the effective theory. In a theory containing propagating
heavy meson states of both parities, the inclusion of such terms would in addition also yield
1/(Λχ∆SH) terms. Our present approach to the estimation of the positive parity effects on the
chiral extrapolation is therefore valid with the assumption ∆SH < Λχ where these additional
contributions are further suppressed.
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A Complete expressions of 1-loop corrected Isgur-Wise functions
Below are the complete expressions of the chiral 1-loop corrected Isgur-Wise functions, calculated
as explained in the text. For the ξ(w) we get
ξab(w) = ξ(w)
{
δab +
1
2
δZ2Pa(v′) +
1
2
δZ2Pb(v) +
λiacλ
i
cb
16π2f2
×
[
g2
(
(w + 2)C1(w,m, 0, 0) + (w
2 − 1)C2(w,m, 0, 0)
)
−h2 ξ˜(w)
ξ(w)
(
4∑
i=1
Ci(w,m,∆SH ,∆SH) + (w
2 − w + 1)C2(w,m,∆SH ,∆SH)
)
−2hgτ1/2(w)
ξ(w)
(w − 1) (C1(w,m,∆SH , 0) + wC2(w,m,∆SH , 0) + C4(w,m,∆SH , 0))
]}
.
(7)
where the same formulae can be applied to ξ˜(w) with the substitution g ↔ g˜ and ∆SH ↔ −∆SH .
For the τ1/2(w) on the other hand we obtain
τ1/2ab(w) = τ1/2(w)
{
δab +
1
2
δZ2Pa(v′) +
1
2
δZ2P0b(v) +
λiacλ
i
cb
16π2f2
×
[
gg˜
(
(w − 2)C1(w,m, 0, 0) + (w2 − 1)C2(w,m, 0, 0)
)
−h2
(
w
4∑
i=1
Ci(w,m,∆SH ,−∆SH) + (w2 − w + 1)C2(w,m,∆SH ,−∆SH)
)
+hg(w + 1)
ξ(w)
τ1/2(w)
(C1(w,m, 0,−∆SH) + wC2(w,m, 0,−∆SH ) + C3(w,m, 0,−∆SH ))
−hg˜(w + 1) ξ˜(w)
τ1/2(w)
(C1(w,m,∆SH , 0) + wC2(w,m,∆SH , 0) + C4(w,m,∆SH , 0))
]}
.
(8)
In the above expressions δZ2P = (Z2P − 1) are the chiral loop corrections to the heavy meson
wavefunction renormalization:
Z2Pa(v) = 1−
λiabλ
i
ba
16π2f2
[
3g2C ′1 (0,mi)− h2C ′
(
∆SH
mi
,mi
)]
,
(9)
for the negative parity doublet and
Z2P0a(v) = 1−
λiabλ
i
ba
16π2f2
[
3g˜2C ′1 (0,mi)− h2C ′
(
−∆SH
mi
,mi
)]
,
(10)
for the positive parity states. As in Ref. [24], a trace is assumed over the inner repeated index(es)
(here b).
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We make use of the Ci loop integral functions, of which Ci(x,m) have been defined in Ref. [13],
while Ci(w,m,∆1,∆2) have been defined in [3]. The 1/∆ expansion of Ci(x,m) has been demon-
strated in Ref. [13] while for Ci(w,m,∆1,∆2) it follows as
C1(w,m,∆, 0) = C1(w,m, 0,∆) → −(1/∆)C1(m, 0) − (1/∆2)C0(m)w +O(1/∆3),
C2(w,m,∆, 0) = C2(w,m, 0,∆) → −(1/∆2)C0(m) +O(1/∆3),
C3(w,m,∆, 0) = C4(w,m, 0,∆) → −(1/∆)C1(m, 0) + (2/∆2)C0(m)w +O(1/∆3),
C4(w,m,∆, 0), C3(w,m, 0,∆) → O(1/∆3),
C1(w,m,∆,∆) = −C1(w,m,∆,−∆)→ (1/∆2)C0(m) +O(1/∆3),
C2(w,m,∆,∆), C2(w,m,∆,−∆)→ O(1/∆3),
C3(w,m,∆,∆), C3(w,m,∆,−∆)→ O(1/∆3),
C4(w,m,∆,∆), C4(w,m,∆,−∆)→ O(1/∆3). (11)
where
C0(m) = −1
4
m4 log
(
m2
µ2
)
. (12)
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